Purpose: We examined whether the presence of a spouse and the frequency of interaction with children, relatives, and friends significantly influence the risk of dying in late life. We assessed these effects separately by gender, controlling for self-reported health. In addition, we examined whether interaction with the co-twin has a different impact on mortality for identical and fraternal twins. Design and Methods: The data set consists of 2,147 Danish twins aged 75 years and older, who were followed prospectively from 1995 to 2001. We modeled the effect of social ties on mortality by using event history analysis. Results: Survival is extended by having a spouse and close ties with friends and the co-twin. However, contact frequency with friends and the cotwin is significant, respectively, only for women and identical twins. Implications: Investigating social relations sheds light on the life span of individuals older than 75 years of age. We stress the importance of social relations beyond the presence of the spouse for survival even at very old ages.
It is common to conceptualize social relations in terms of their structure and function. Although these two dimensions are equally relevant, research usually focuses on the first one. Questions on the structure of social relations normally cover the type of relationships (e.g., kinship or friendship), marital status, frequency of contact, duration of the relationship, and number of social referents. When the function of social relations is included, it normally refers to the resources provided by the relationship, labeled as ''social support.'' This includes emotional, instrumental, appraisal, and informational support, and it can be difficult to assess because the same tie can provide several types of support (House, Umberson, & Landis, 1988; Litwin, 2001) .
Although it is widely recognized that social relations strongly influence health outcomes and longevity, less is known about the underlying mechanisms.
On the one hand, clinical research into the relationship between loneliness and biological mechanisms has found that lonely individuals have impaired cellular immunology, which predicts infectious-disease susceptibility. This effect is exacerbated later in life by the reduction in immune function arising from aging (Hawkley & Cacioppo, 2004) . On the other hand, survival may be improved by social relations through better compliance with medical regimens or motivation to engage in healthy behaviors. For example, individual behavior that is detrimental to health seems to be regulated by the presence of a spouse (Antonucci, 1990) .
Our study analyzes the association between structural measures (the presence of a spouse and the frequency of contact with children, other family members, friends, and the co-twin) and the risk of dying at older ages. We have not included measures of social support because they were not collected at follow-up. Although items on social support are useful as they provide information on the underlying meaning of a relationship, structural measures are more relevant when one is studying the pattern of contact frequency at different times. In addition, through the linkage with mortality data, they will show whether frequency of contact is significantly associated with the risk of dying. The following sections highlight the literature on social relations in later life from which our research hypotheses were derived, including conjugal ties and relations with children, relatives, and friends, and then twinship ties.
Presence of a Spouse and Relations Beyond the Household
Literature on social relations has devoted much attention to the conjugal tie, one of the most essential bonds between humans. Marriage supposedly promotes well-being by providing a sense of meaning in life and a sense of feeling cared for and loved, by reducing risky behavior, by aiding early detection of illness, and by helping recovery after illness. It is well known that married people have lower mortality rates than unmarried people (Lillard & Waite, 1995) . Although marriage generally protects and improves health for both genders, men tend to derive more benefits from marriage than women. This is because men are less likely to have intimate social ties beyond the household and because women place a higher value on health and therefore provide more health benefits to their spouses than men do (Ross, Mirowsky, & Goldstein, 1990) .
Past research on relationships beyond the household has focused on the frequency of contact between friends and family members, suggesting that kin and friendship relationships are different, though at times they overlap. Family members (spouse, children, and relatives) play an important role in determining the security of older people by performing helpful tasks and providing emotional assistance. For instance, Lopata (1973) found that children meet the tangible and emotional needs of parents when they are most required. With regard to friendship, past research shows that it is often characterized through reciprocity, the feeling of being needed, and the voluntary nature of the tie (Powers & Bultena, 1976) . According to Adams and Blieszner (1989) , the possibility of having significant relations beyond the household sphere can allow the older person to feel a sense of competence in the ability to reciprocate without the sense of obligation that may affect the assistance given and received within the family. Furthermore, friends may protect against negative thoughts by making older adults feel competent, liked, and needed (Pearlin, Menaghan, Lieberman, & Mullan, 1981) .
When comparing the effect of friendship and family relations on mortality risk, most studies have found that the risk of dying is more often associated with contact frequency between friends rather than family members (Sabin, 1993; Wood & Robertson, 1978) . A study on social relations and mortality must also take gender differences into account, because patterns of social relationships have been shown to vary by gender (Connidis & Davies, 1990; Shye, Mullooly, Freeborn, & Pope, 1995) . The literature indicates that men tend to maintain close social relationships with only a few people, primarily their wives. Consequently, ''the few people to whom they are closest'' can be expected to have the greatest impact on them (Shye et al., p. 937) . In contrast, women are more relationship oriented than men, and their well-being is defined as being contingent on the maintenance of social relations beyond the household. Regarding friendships, most studies have found that contact with friends may be relevant to the wellbeing of elders but it is differentially important to the well-being of women and men. In particular, past research has found that it is more meaningful for women (Powers & Bultena, 1976) .
Finally, although research findings are consistent about the different effects of social relations on men's and women's well-being, it is unclear whether men and women differ in their level of contact with family members and friends. In fact, research has produced conflicting findings; some studies have found that men have more frequent contact with friends (Powers & Bultena, 1976) , whereas others have revealed that women meet with both friends and relatives more often than men (Turner & Marino, 1994) and still others have indicated the same rates of social interaction with family and friends (Kohen, 1983) . Consequently, it is essential to test whether men and women differ in terms of level of social contact in order to verify the association between social relationships and mortality risk, as a significant association could depend on the differences in contact frequency.
A Particular Sibling Tie: The Twin Relationship
By virtue of its uniqueness, siblingship appears to be particularly relevant in research on social relations in late life. In fact, siblingship represents the longest family tie and involves sharing an early sense of family belonging (Connidis, 1992) . Scholars have also argued that siblingship aids in the reminiscence of life events, which is especially relevant at old age when individuals undergo their life-review process (Goetting, 1986) .
Some research suggests that sibling ties are more comparable with friendship than kinship or parenthood ties (Lee, Mancini, & Maxwell, 1990) . This comes from the observation that, like friends, siblings are typically age peers, which makes their tie more egalitarian and less based on a sense of obligation than other family ties. Cumming and Schneider (1961) have described the sibling bond as an association between equals hinging on personal choice and providing a sociability function. In contrast, Cicirelli (1980) argued that, with adulthood, ''sibling contact becomes voluntary except on certain ritual occasions'' (p. 455). However, other scholars have found that there is an obligation to maintain contact with siblings through all stages of the life course (Allan, 1977) .
Among sibling ties, twinship deserves special consideration. In fact, twins differ from nontwin siblings in that they are together from conception and are typically exposed to the same environments at the same time (such as being in school or starting a career), which enhances their closeness. A U-shaped pattern has been found in twins' pattern of contact frequency over the life span and emotional closeness, with the highest intensity occurring during childhood until the twins leave home and again when they are retired. However, identical twins constantly show higher rates of contact than fraternal twins, and they feel emotionally more closely related to one another. The greater attachment between identical twins is generally explained on the grounds of their similar appearance, which leads them to feel a stronger sense of belonging to each other (Macdonald, 2002; Neyer, 2002) . Given this greater closeness, identical twins' well-being should be more affected than fraternal twins' well-being by contact frequency with the co-twin.
Nevertheless, genetic studies on longevity (Herskind et al., 1996) indicate that caution is needed when one is analyzing the mortality risk of twins. Indeed, genetic studies have found that genes explain approximately 25% of the variance in longevity in Northern Europe and thus could explain the increasing mortality risk of the surviving twin (Yashin & Iachine, 1997) . It follows that, in longitudinal studies on old twins, it is important to check the vital status of the co-twin, whose death during follow-up may be associated with an increasing risk that the surviving twin will die in the coming period.
Study Purpose
Our study aims to assess whether having social contact beyond the household and having a spouse determine different survival trajectories among Danish twins aged 75 and older. Our study is distinctive in the literature on social relations and mortality, as we analyze the effect of contact frequency with the cotwin in later life, which has been neglected in research on the mortality risk of identical and fraternal twins. Lack of research in this field is probably attributable to the difficulty in obtaining follow-up data, including information on social relations and the vital status for both twins in the pair. Furthermore, most previous studies were based on cross-sectional data, whereas we apply a longitudinal design to examine how the variables of interest affect mortality over time, using the Longitudinal Study of Aging Danish Twins (LSADT). This follow-up, covering a 6-year period (1995) (1996) (1997) (1998) (1999) (2000) (2001) ), provides a rare opportunity to study prospectively the effects of social relations in late life. We are also able to determine the effect of contact frequency on mortality, net of the health effect across the study period. We can achieve this because the LSADT includes health status, which is a key variable in studies on social relations at older ages, at each assessment during the follow-up. If this factor is not taken into account, the association between social ties and mortality might be spurious because health can affect the level of engagement in social relations. In prior longitudinal research, only data on health status at baseline was available.
Finally, previous studies on social relations in Denmark have produced ambiguous results. Whereas Olsen, Olsen, Gunner-Svensson, and Waldstrom (1991) found no significant association between social relations and mortality, Avlund, Damsgaard, and Holstein (1998) found that people with fewer contacts had significantly shorter survival times than people with more frequent contacts. These studies focused on an index based on several types of relations. Compared with previous research, our study takes into account a number of social relations separately, which may resolve some of these inconsistencies.
On the basis of findings from previous research, we address the following hypotheses. First, conjugal and friendship ties will significantly decrease the risk of dying at very old ages. The second hypothesis summarizes the general findings derived from studies on social relations in men and women. It indicates that male mortality is largely affected by the presence or absence of the spouse. Conversely, women's mortality also should be affected by relationships outside the home because their well-being appears to be dependent on a wider range of social ties. The third hypothesis focuses on the linkage between the twin relationship and mortality. Because the literature suggests that identical twins are more closely connected than fraternal twins, it is expected that contact frequency with the co-twin affects the mortality of identical twins more than it does the mortality of fraternal twins.
Methods

Study Population
Study data are from the LSADT. The follow-up was based on all registered Danish twins aged 75 and older who were alive in January 1995; the participation rate was 78%. Because a study by Christensen, Holm, McGue, Corder, and Vaupel (1999) showed that the responders and nonresponders were similar in terms of age distribution, gender, and health, variance adjustments for nonresponse did not appear to be required in our study.
The assessment of the LSADT began in February 1995 and was repeated between February and April every 2 years (1997, 1999, and 2001) . At intake, 2,147 twins (764 identical twins and 1,383 fraternal twins) were interviewed. Afterward, 1,459, 921, and 639 were reinterviewed in 1997 Afterward, 1,459, 921, and 639 were reinterviewed in , 1999 Afterward, 1,459, 921, and 639 were reinterviewed in , and 2001 Overall, the numbers lost to follow-up consisted of people who died between two waves or refused to participate at the next assessment.
To investigate factors affecting decreases in the sample size at each time point, we considered the mean age and the frequency distribution of health status among dropouts and participants. Results indicate that older respondents and those whose health declined over the study period were overrepresented among those who died between two waves. In other words, individuals aging successfully were more likely to participate throughout the study period. This outcome usually occurs in longitudinal studies of old persons, so care is required when one is extending results to the entire older population. We also found that dropouts because of refusal were very similar in terms of health and age to those who continued their participation.
Measures
At each wave, a standardized questionnaire provided information on social relations and sociodemographic measures. Additional information, such as date of birth, date of death, and survival status of the co-twin, was provided by the Danish Twin Registry.
Marital status and contact frequency with children, relatives, friends, and the co-twin are the measures of social relationships. Interviewers asked follow-up participants about social relationships by using the following question: ''How often do you meet . . . ?'' We used the question separately for children, other family members, friends, and cotwins. We grouped the answers, based on a six-item scale, into three categories (often, sometimes, and rarely) to avoid the dispersal of information when we were running survival models.
The sociodemographic variables include age, gender, health status, and twinship status (fraternal or identical). For the measures of social relations and health, which are time-varying covariates, we have taken into account changes from one state to another during the study time. We did not include measures of education and social status in the models because they were not statistically significant and, consistent with statistical literature, the most parsimonious models are reported here.
Information on health status was provided by a measure of subjective health, which we assessed through the response to the following question: ''How do you consider your health in general?'' The rating scale was based on five items (excellent, good, acceptable, poor, and very poor). Participants who responded ''excellent'' or ''good'' were considered to be in good health; those who responded ''acceptable'' were considered to be in fair health; and those who responded ''poor'' or ''very poor'' were considered to be in bad health. We used logistic regression to examine the relationship between perceived health and mortality risk. The risk of dying appeared to be significantly related to the health categories, indicating that self-rated health is a strong predictor of death in our study.
Design
A key analysis feature is the use of longitudinal data, which allows us to investigate the link between the frequency of social contact and mortality by using event history analysis. To examine the linkage between contact frequency and mortality, we have prospectively followed respondents interviewed at baseline in 1995. Therefore, the age at intake represented the starting time of the analysis. We calculated survival time from the time of interview to the time at death or at last interview (i.e., censoring). The ending time of survival analysis for participants lost at follow-up because of death was the age at death. For individuals lost at follow-up because of refusal and for those still alive when the follow-up terminated, the ending time of survival analysis was the age at last interview.
In order to choose the best-fitting model for our data, we computed the Cox-Snell residuals (Cox & Snell, 1968 ) that were provided by three distributions (the Gompertz, Weibull, and log-logistic distributions). The fitting procedure was required because the Gompertz model, generally used to model the transition to death, may not appear correctly after a participant reaches the age of 85, when the mortality rate decelerates. To address this issue, we have compared the fit provided by the Gompertz distribution and by two distributions whose rates slow down for advancing ages (i.e., the Weibull and the log-logistic distribution; see Blossfeld & Rohwer, 2002) . The model that best fits the observed curve was that provided by Gompertz. In light of these results, we regressed survival time on social relations and sociodemographic measures through the Gompertz model. We performed all analyses by using the STATA and TDA statistical packages.
Results
Descriptive Statistics
The sample composition, in terms of gender and age, is shown in Table 1 . The majority of respondents are women, which is consistent with the higher life expectancy of female individuals at older ages in developed countries. Regarding changes in health status, results indicate that self-reported health is quite stable over the study period. In 2001, 65% of respondents gave the same report as in 1995. Selfperceived health improved for about 26% of the respondents and worsened for about 9%.
We observed a slight decline in the percentage of people who assessed their health as poor at each time point (Table 2 ). This finding is attributable to the selection process, which determined the sample size at each time point. In fact, as mentioned earlier, the respondents with poor health were overrepresented among the dropouts.
Regarding social relationships, the frequency of contact with children, relatives, friends, and the cotwin during the study period is shown in Table 3 . An increase can be seen in the proportion of respondents with frequent contacts at next assessments over the 6-year time span of the study. This may be because people aging successfully were more likely to complete the follow-up and healthier respondents were more likely to have frequent contacts.
Regarding the variation in contact frequency, Table 4 illustrates that most respondents maintained the same frequency of contact over time, especially for twin contacts (about 72%). Contact frequency with relatives, children, and friends increases over time, which is consistent with the data shown in Table 3 .
To verify whether the frequency of contact differs by gender, we applied the z test to the difference between two independent proportions. We computed a two-sided hypothesis test on the difference between male and female contact frequency with children, relatives, and friends. The test is based on data at intake, which provides a reasonable sample size.
Using baseline data, we tested the null hypothesis, which assumed no significant difference by gender in frequency of social contacts with family members and friends (i.e., H 0 : p M À p W = 0). The results presented in Table 5 show a value always greater than p = .05, indicating that there is no significant gender difference in frequency of contacts with family and friends. This result is extremely relevant, as it suggests that any difference in the association between contact frequency and mortality is not influenced by gender differences in the amount of contacts.
The Impact of Marital Status and Social Relations on Mortality
We analyzed the impact of contact frequency on mortality, controlling for other factors independently associated with the risk of dying (i.e., age, gender, and health). In particular, we modeled the effects of social relations on mortality by using marital status and frequency of contact with children, relatives, and friends. Given the collinearity between marital status and children (91% of never married respondents were childless), we excluded the never married individuals from the analysis whereas we included the married and previously married (widowed or divorced) individuals. This selection left a sample of 1,734 observations from the previous 2,147.
To verify the effects of marital status and frequency of contact on mortality risk, we tested three models that sequentially included all explanatory variables (Table 6 ). The first model included gender, age, marital status, and contact frequency. A set of dummy variables for all types of social relations compared individuals who report infrequent contact with those with frequent contact (i.e., rarely vs sometimes and often). The comparison was restricted to infrequent-more frequent contacts because this dichotomy had the strongest association with mortality. Model 2 then adjusted for self-reported health so that we could obtain net estimates. The full model (Model 3) added the interaction term with gender to test whether the effect of being married and frequency of contact with friends varies by gender. Table 6 also shows the Likelihood Ratio Test for each model to see the fit improvement from one model to the next.
Model 1 shows that, consistent with the literature, married people have lower death rates than do previously married people. With regard to contacts beyond the household, only the frequency of contact with friends is significantly associated with mortality. The model reveals that individuals who report rarely meeting with friends have a significantly greater risk of dying than those who meet friends more frequently.
When self-reported health is adjusted for (Model 2), the coefficients for being married and meeting with friends are still significant. These estimates suggest that marital status and friendship contacts are independent predictors of mortality risk. A comparison of the size of the coefficients in Model 1 and Model 2 reveals that only the coefficient for friendship shows a greater reduction from Model 1 to Model 2, indicating that without a measure of health the estimate of effect of contacts with friends would be spurious. Additionally, it should be noted that the coefficient for friendship is larger (0.52) than the coefficient for being married (-0.36), suggesting that research on older adults' social relations and mortality should examine the full range of their social contacts in addition to marital status.
To address gender differences in the relation between frequency of social contacts and mortality, Model 3 adds the interaction terms for gender and the coefficient for being married and for infrequent contacts with friends. The interaction for being married and male is not significant, indicating that the effect of marital status on mortality is similar for both genders. However, the interaction for infrequent relations with friends and females is significant, thus supporting our hypothesis regarding the greater relevance of social contacts with persons beyond the household for women.
The Impact of Twin Relationship on Mortality
To examine the mortality risk associated with the twin relationship, we used a different data set than used in prior analyses. Among respondents interviewed in 1995 and reinterviewed in subsequent waves, we selected those with the co-twin still alive during their participation in the follow-up. Through this procedure, we found it possible to obtain all the information available on the relationship of twin pairs.
Using the Gompertz model, we tested whether the frequency of contact in twin relationships is more highly related to identical twins' mortality risk. This hypothesis is verified through three models (Table 7) , which progressively include the control and the key variables. Control variables refer to age, gender, twinship status, and health status. Key variables are represented by the frequency of contact with the cotwin and the interaction term between twinship status and frequency of twin contact.
Model 1, which includes age, gender, twinship status, and the frequency of contact with the cotwin, shows that infrequent contact with the co-twin does not predict the risk of dying (coefficient = 0.25). When adding the interaction between infrequent contacts and being an identical twin (Model 2), the interaction is significant (coefficient = 1.08**). Furthermore, the coefficient for interaction continues to be significant in the model adjusted for health (Model 3). The magnitude and significance of this interaction illustrates that twinship is a mortality risk factor for identical twins, a finding that has not been reported previously.
To further investigate this finding, we considered a confounding variable, which was the death of the co-twin between two waves. Because identical twins share a genetic background, the death of the co-twin may be followed by the death of the other twin because of the genetic limits of the life span. To verify whether the contact frequency with the identical co-twin is, in fact, a mortality risk factor, we computed new models based only on identical twins and then adjusted for the co-twin's vital status (Table 8) . Results show that the coefficient for contact frequency with the co-twin is significant when co-twin vital status is adjusted for, which reveals that Co-twin (%) 1995 Co-twin (%) 1997 Co-twin (%) 1999 Co-twin (%) 2001 Co-twin (%) 1995 Co-twin (%) 1997 Co-twin (%) 1999 Co-twin (%) 2001 Co-twin (%) 1995 Co-twin (%) 1997 Co-twin (%) 1999 Co-twin (%) 2001 Co-twin (%) 1995 Co-twin (%) 1997 Co-twin (%) 1999 Co-twin (%) 2001 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 the frequency of contact with the identical co-twin is an independent predictor of mortality.
Discussion
This study, which examined the link between the frequency of social contact and mortality risk among elderly Danish twins, found that frequent contacts between identical compared with fraternal older twins has a beneficial effect on their survival. This result may be explained by the fact that identical twins are much closer than fraternal twins, supported by previous studies on this topic (Macdonald, 2002; Neyer, 2002) .
Concerning the effect of marital status on mortality risk, findings from this study confirm those from past research, which indicate that having a spouse enhances the survival of individuals of both genders.
Similarly, the survival models shown here support the linkage between social relations and mortality risk. In line with most earlier studies (Sabin, 1993; Wood & Robertson, 1978) , we found that frequency of contact with friends is more strongly associated with mortality risk than contacts with children and other family members. Moreover, although contact with children occurs as frequently as contact with friends, only frequency of contact with friends is significantly associated with mortality risk.
In addition, findings show that frequency of contact with friends enhances survival only for women, and this is consistent with findings reported in other studies (Connidis & Davies, 1990; House et al., 1988; Shye et al., 1995) . Moreover, the frequency distribution of friendship contacts does not differ significantly by gender, suggesting different involvement of men and women in friendship ties. As noted earlier, men are less likely to have intimate social ties beyond the household. Furthermore, men's friendships emphasize sociability and task-activity orientation, whereas women's friendships focus on intimacy and self-disclosure, which has been found to be more related to well-being (Bell, 1981) .
To date, there has been little empirical research in Denmark on the relationship between mortality and social relationships in old age. Given the ambiguities of previous Danish studies based on an index of social relations, findings from this research indicate that a broader range of types of social relations and frequency of contacts should be included to avoid misleading results.
In conclusion, our analysis could have suffered from several limitations because of selection bias. Older people reaching age 75 are survivors who have progressed successfully through all the previous stages of the life course, so the study sample used here could have limited the generalization of our results. Because the study does not include individuals who have never married, the generalizability of the results may be further limited. In addition, the assessment of health only included a self-reported health measure, and inclusion of a wider range and types of measures could have yielded different results. Lastly, the research lacked qualitative measures that could have provided insight into the differential effects of gender on the relationship between contact frequency with friends and mortality, and about the nature and meaning of later life friendships for men and women. Thus, future research investigations should include, when available, some qualitative aspects of older adults' social ties in later life in order to better examine the underlying dimensions of the social contact.
